Introduction
The proportion of patients with early gastric cancer among all gastric cancer patients has increased to more than 50% at major institutions in Japan [1] . The Japanese guidelines allow laparoscopy-assisted gastrectomy as an investigational treatment for early gastric cancer, with consideration of the patient's performance status [2] . Since Kitano et al. [3] reported the fi rst laparoscopyassisted gastrectomy in 1994, this technique has attracted the attention of surgeons. A nationwide survey of laparoscopic surgery for gastric cancer has shown that the total number of patients who were treated using a laparoscopic technique has increased and that this increase was most remarkable among patients with cT1N0 (stage IA), cT1N1 (stage IB), and cT2N0 (stage IB) tumors [4] . D1 + suprapancreatic node dissection for stage I tumors could indeed be considered as excessive surgery in western countries because of their low incidence of suprapancreatic node metastasis. However, a Japanese database showed that N2 node metastasis was found in 5.8% of patients with T1 tumors (submucosal [SM] ) and in 17% with T2 tumors (muscularis propriae [MP]) [5] . Surgeons should aim at a cure rate of 100% as a general concept. Therefore, Japanese guidelines demand D1 + suprapancreatic node dissection for this population (i.e., those with clinical stage I gastric cancer).
Recent advances in operative techniques and endoscopic instrumentation have led to the standardization of laparoscopy-assisted distal gastrectomy (LADG) with suprapancreatic node dissection among experienced laparoscopic surgeons. Although whether this modality is appropriate for cancer treatment remains a concern, the technical diffi culties of LADG have been gradually solved. Several studies have reported that LADG allows a better quality-of-life outcome than an open distal gastrectomy (ODG) [6] [7] [8] [9] [10] [11] . Although several studies have reported that LADG is a safe procedure with regard to morbidity and mortality [12, 13] , other studies have reported that LADG has a higher risk of surgical morbidities such as anastomotic leakage, stenosis, and pancreatic fi stula formation than ODG [14, 15] . Therefore, the safety of LADG should fi rst be confi rmed as an initial step.
On the other hand, several retrospective and small prospective studies have reported that the long-term results of LADG are similar to those of ODG [15, 16] . However, a prospective study with a sample size sufficient to investigate the long-term survival of LADG has not yet been reported. Thus, once the safety of LADG has been confi rmed, the long-term survival after LADG should be evaluated as a next step.
The present report describes a multi-institutional phase II trial conducted by the Gastric Cancer Surgical Study Group of the Japan Clinical Oncology Group (JCOG 0703) to evaluate the safety of LADG with nodal dissection for clinical stage I gastric cancer patients. If the safety of LADG was verifi ed, a subsequent phase III trial was to be designed to evaluate the noninferiority of LADG to ODG in terms of long-term survival.
Patients and Methods
Our study was designed as a multicenter, prospective phase II trial. The study protocol was approved by the JCOG Protocol Review Committee and the institutional review boards (IRBs) of each of the 17 participating Japanese hospitals before the activation of the study. The inclusion criteria were as follows: histologically confi rmed adenocarcinoma of the stomach, a c-stage IA (T1N0) or IB (T1N1/T2N0) tumor according to the Japanese classifi cation of gastric carcinoma, 2nd English edition [17] , no indications for endoscopic mucosal resection (EMR) according to the Japanese endoscopic treatment guidelines [2] ("no indications for EMR" corresponds to a clinical node-positive or clinical nodenegative status with any of the following criteria: a tumor size 2 cm or larger, invasion to the submucosa or deeper, a histologically undifferentiated type, the presence of an ulcer or ulcerative scar [in the case of depressed type], or the impossibility of an en-bloc resection), a distal gastrectomy-treatable tumor located in the middle or lower third of the stomach, no involvement of the duodenum, a patient age of 20-80 years, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1, a body mass index (BMI) of less than 30 kg/m 2 , the absence of a recurrent tumor after EMR, no prior upper abdominal surgery or intestinal resection other than an appendectomy, no prior chemotherapy or radiotherapy for any malignancy, adequate organ function, and written informed consent. The exclusion criteria were as follows: a synchronous or metachronous (within 5 years) malignancy other than carcinoma in situ or mucosal cancer, pregnancy or lactation, severe mental disease, the systemic administration of corticosteroids, unstable angina or myocardial infarction within 6 months before registration, uncontrolled hypertension, diabetes mellitus (both uncontrolled and controlled with insulin), and severe respiratory disease requiring continuous oxygen therapy.
After the inclusion/exclusion criteria were confi rmed by telephoning or faxing the JCOG Data Center, the patients were registered in this JCOG 0703 trial.
Surgery
An LADG with D1 plus suprapancreatic node dissection was performed. The extent of the suprapancreatic node dissection was decided according to the surgical T and N stage of the tumor, based on the second version of the Gastric cancer treatment guidelines in Japan [2] . If the intraoperative fi ndings revealed a tumor stage of II or greater, the LADG was converted to an ODG. Patients requiring a pylorus-preserving distal gastrectomy, but not a total gastrectomy, were included in this series. The size of the minilaparotomy incision was 6 cm or less, in principle. The reconstruction approach and the surgical method following resection were not specifi ed. Postoperative analgesia, such as the use of epidural anesthesia, also was not specifi ed. Requests for analgesia on postoperative days 5-10 were recorded. Adjuvant chemotherapy with S-1 for 1 year was recommended for patients with a curative resection and a pathological stage II, IIIA, or IIIB tumor.
Follow-up
All the enrolled patients were followed up at least every 6 months for the fi rst 2 years and then every year for another 3 years until 5 years after the close of registration. Blood tests, an upper gastrointestinal endoscopy, and an abdominal computed tomography examination were performed every year.
Quality control of surgery
Before the start of this trial, all participating surgeons agreed to the technical details for LADG. Signifi cant experience in gastric cancer surgery, especially in LADG and ODG, was a prerequisite for a surgeon's participation in the trial. Only surgeons who had performed 30 or more LADG procedures and 30 or more ODG procedures were selected. Furthermore, we performed a central review of the surgical procedure by photographing all the surgeries and by videotaping arbitrarily selected surgeries. To assess compliance with the lymphadenectomy, the number of dissected nodes at all stations was recorded on the case report forms and the results were monitored.
Endpoints
The primary study endpoint was the proportion of patients who developed either anastomotic leakage or a pancreatic fi stula, defi ned as the proportion of patients with either a grade 1 or greater anastomotic leakage or a grade 2 or greater pancreatic fi stula among all the operated patients. The secondary endpoints were overall survival (OS), relapse-free survival (RFS), the proportion of LADG completions, the proportion of conversions from LADG to ODG, surgical morbidity, and the short-term clinical outcomes. The OS and RFS are not reported in this article because the current follow-up time was not long enough.
In this trial, adverse events were classifi ed based on the Common Terminology Criteria for Adverse Events version 3.0 (CTCAE v 3.0). Anastomotic leakage and pancreatic fi stula formation were also categorized based on the CTCAE v 3.0, with the following supplementary explanation of the JCOG surgical morbidity criteria [18] : a grade 1 or more anastomotic leakage was diagnosed radiologically and was recorded regardless of its clinical signifi cance; a grade 2 or greater pancreatic fi stula was diagnosed when fl uid with a high amylase concentration drained from the peripancreatic area and led to an infection. The completion of LADG was defi ned as the proportion of patients without conversion from LADG to ODG among all the operated patients. The proportion of conversions from LADG to ODG was defi ned as the proportion of patients with a conversion among the patients who were diagnosed before gastrectomy as having clinical stage IA or IB. As for both the completion of LADG and the proportion of conversions, all LADG cases that required a skin incision of more than 6 cm were regarded as conversions to an ODG. The expected values for LADG completions and the proportion of conversions were stated as 70% and 5% in the protocol.
The short-term clinical outcomes were: (i) the proportion of patients requesting an analgesic on postoperative days 5-10, (ii) the time from the end of surgery until the fi rst episode of fl atus, (iii) the highest body temperatures during the fi rst 3 days after surgery, and (iv) the highest body temperatures during hospitalization. The expected values for these four endpoints were 20% or less, within 3 days, 38 °C or less, and 38 °C or less, respectively. The data regarding analgesic use were collected on postoperative days 5-10 because epidural anesthesia was administered on the fi rst 3 or 4 postoperative days in most patients.
Study design and statistical methods
This trial evaluated the safety of LADG in terms of the incidence of either anastomotic leakage or pancreatic fi stula formation. If the incidence of these two postoperative complications was as low as expected, a subsequent phase III trial was designed to evaluate the noninferiority of LADG to ODG in terms of overall survival. In this phase II trial, the sample size was 170 cases, providing a 90% power under the hypothesis of a primary endpoint with an expected value of 3% and a threshold value of 8%, using one-sided testing at a 10% signifi cance level. The expected value was decided according to the postoperative outcome of 1493 patients who had undergone an ODG at institutions belonging to the Gastric Cancer Surgical Study Group in 2004; among these patients, the proportion of those who developed anastomotic leakage was 1.3% and the proportion of those who developed pancreatic fi stula formation was 0.5%. All the statistical analyses were performed using SAS software version 9.1 (SAS Institute, Cary, NC, USA).
This study was registered with UMIN-CTR [www. umin.ac.jp/ctr/], identifi cation number UMIN000000874.
Results

Patient characteristics
Between November 2007 and September 2008, 177 patients from 14 out of the 17 hospitals with IRB approval were registered in the trial. One patient was deemed ineligible after enrollment because of a lack of written informed consent, which originated from a miscommunication among the patient's physicians.
The patients' characteristics are summarized in Table 1 . The clinical and histological stages in the text are described based on the Japanese classifi cation of gastric carcinoma, 2nd English edition [17] , while the results shown in Table 2 are based on both the Japanese classification of gastric carcinoma (hereafter "Japanese classification") and the International Union Against Cancer (UICC) TNM classifi cation, 6th edition. The median age of the patients was 59 years. The male-to-female ratio was nearly 1 : 1. More than 90% of the patients had clinical Table 2 . Early gastric cancer (T1) was confi rmed pathologically in about 90% of the patients. The proportion of patients with nodal involvement was 15.3% overall (27 out of 176 patients). About 20% of the node-positive patients had suprapancreatic node metastasis. The accuracy of the preoperative diagnosis of stage I (Japanese classification) disease was 92.6%. Adjuvant chemotherapy with S-1 was performed in 14 patients (8.0%).
Operative procedures (Table 3) All the operations were performed with curative intent. The median duration of the operations was 250 min. A distal gastrectomy or a pylorus-preserving distal gastrectomy was performed in 174 patients. A total gastrectomy was performed in 2 patients after the identifi cation of a positive left gastroepiploic node and a positive proximal margin, respectively. The proportion of Billroth I operations was about 50%, and this procedure was the most commonly used method.
All the patients underwent a D1 plus some extent of suprapancreatic dissection. Thirty of the 176 patients underwent a D2 lymphadenectomy.
The median length of the skin incision was 5 cm. The length of the skin incision was more than 6 cm in 5 patients. The LADG was successfully completed in 170 (96.6%; 95% confi dence interval [CI], 92.7-98.7) of the 176 patients, which was far better than the expected value (70%). One patient was diagnosed as having stage II disease prior to gastrectomy, and the procedure was converted to an ODG.
The surgical procedure was converted from an LADG to an ODG in 5 patients with a preoperative diagnosis of clinical stage IA or IB; consequently, the proportion of conversions was 2.9% (95% CI, 0.9%-6.5%), which was lower than expected. The reasons for conversion were a positive proximal resected margin (n = 1), difficulty with the anastomosis (n = 1), a skin incision longer than 6 cm (n = 1), and bleeding (n = 2).
The median blood loss was 43.5 ml, and blood transfusions were required in 3 patients. The median postoperative hospital stay was 12 days (range, 7-58 days).
Operative complications and deaths
Minor injuries (grade 1, CTCAE v 3.0) were observed in two patients during the operations (transverse colon, right gastroepiploic vein).
Grade 1 or greater anastomotic leakage was observed in two patients. Grade 2 or greater pancreatic fi stula formation was observed in two patients. One patient suffered from both an anastomotic leakage and a pancreatic fi stula. The proportion of patients with either anastomotic leakage or pancreatic fi stula, the primary endpoint, was 1.7% (3/176; 80% CI, 0.6-3.8; one-sided P = 0.0003, binomial test of the null hypothesis that the proportion is equal or greater than 8%).
The overall proportion of in-hospital adverse events (grade 3 or 4 according to the CTCAE v 3.0) was 5.1% (9/176) and the proportion of grade 1 or greater events (excluding fever) was 9.1% (16/176). Grade 3 or greater postoperative bleeding, anastomotic stricture, and intestinal obstruction were observed in two patients, one patient, and one patient, respectively.
Re-operations were performed in three patients. The reasons for the re-operations were anastomotic stricture, pancreatic fi stula, and obstruction. The patient with the obstruction had developed grade 3 disseminated intravascular coagulopathy (DIC) and required a blood transfusion. The postoperative mortality rate was zero.
Short-term clinical outcomes
Flatus was recognized in all the patients during the period of hospitalization. The median time from the end of surgery until the fi rst episode of fl atus was 2 days (range, 1-5 days).
Seventy-six of the 176 patients (43.2%; 95% CI, 35.8-50.9) requested an analgesic on postoperative days 5-10, although we expected this value to be 20% or lower.
The highest body temperature during the fi rst 3 days after surgery was recorded. The median body temperature during this period was 37.9 °C (range, 36.6 °C-39.1 °C). A body temperature of 38 °C or greater was observed in 67 patients (38.1%) on postoperative day 1, in 38 patients (21.6%) on postoperative day 2, and in 11 patients (6.3%) on postoperative day 3.
The highest body temperature during hospitalization was recorded: 88 patients had a body temperature of 38 °C or higher during their hospital stay.
Discussion
The proportion of patients who developed anastomotic leakage or pancreatic fi stula formation, the primary endpoint of this study, was 1.7%. The proportion of these two postoperative complications was as low as expected in this study design and was also lower than that reported in previous publications [14, 15] .
In retrospective reports about LADG, the proportions of patients who developed anastomotic leakage were quite different (1.7%-14%) [8, 9, 12] , while that of patients who developed pancreatic fi stula formation was 1.0% [9] . The primary endpoint in the present prospective study demonstrated that the proportion of patients who developed these two postoperative complications was lower than expected, compared with the proportions in these retrospective reports. In addition, the proportion of patients who developed these complications was considered to be equivalent to that of those who developed complications after ODG, where the proportion of patients who developed anastomotic leakage has been reported as 0.6%-2.7% and that of patients who developed pancreatic fi stula as 0.6% in Japan [12, 19, 20] . The overall proportion of in-hospital adverse events itself was 5.1%, which was also relatively [12, 15] . These results demonstrated that LADG can be performed very safely by credentialed surgeons. One possible reason for the low proportion of inhospital complications in the present study might be the strict criteria that were used to select the attending surgeons. We only selected surgeons who had performed more than 30 LADG procedures and more than 30 ODG procedures prior to this trial, because we were aware that LADG requires more experience to obtain suffi cient skill than its conventional open counterpart. This low complication rate also showed that the experience of performing 30 LADG procedures with suprapancreatic node dissection was suffi cient to achieve profi ciency. The strict selection of the attending surgeons might also have contributed to the favorable results regarding the high proportion of successful LADG procedures and the low proportion of conversions to ODG. These rates were low enough to justify a subsequent phase III trial (LADG vs ODG) [7, 21] .
A second possible reason for the low proportion of in-hospital complications in the present study might be the measures used to ensure the quality control of the actual surgeries. In addition to our strict criteria for selecting surgeons, we obtained a consensus regarding the details of the surgical procedure prior to the start of the clinical trial, and the procedures were reviewed using photographs and videotapes during the enrollment period.
A third possible reason for the low proportion of inhospital complications in the present study was the low body mass index (BMI) of the registered patients. Patients with a BMI of more than 30 were excluded from this study; as a result, the median BMI was 21.8. In western countries, the median BMI was reported as 26-29, and higher morbidities (10%-26% as grade 1-4 adverse events) than that in this study (9.1%) were demonstrated [22, 23] . Thus, BMI should be taken into consideration to interpret the morbidity results. Of note, at the National Cancer Center Hospital, Tokyo, the proportion of patients with a BMI of 25 or more was 24.0%, which is higher than the proportion in this study (15.3%) . This implies that the surgeons might have preferred nonobese patients for the present trial [24] .
The accuracy of preoperative staging is a key factor in the implementation of a subsequent phase III trial. Some surgeons consider that LADG should not be applied for stage II or more advanced disease. From the viewpoint of these surgeons, the accuracy of the preoperative diagnosis needs to be confi rmed in this phase II study. The accuracy of the preoperative diagnosis for stage I disease (Japanese classifi cation) was 92.6%, which was suffi cient to convince these surgeons of the feasibility of a subsequent phase III study.
The major advantage of LADG over ODG is that it is less invasive. Therefore, we evaluated the short-term clinical outcomes (proportion of patients who requested an analgesic on postoperative days 5-10, time from end of surgery until fi rst episode of fl atus, and body temperature) as secondary endpoints. A visual analog scale is the most common way of evaluating pain [6] . This scale is, however, a subjective indicator and is not appropriate for comparison with historical data in a singlearm setting. Instead, we adopted the proportion of patients who requested an analgesic as a measure of pain. The proportion of patients who requested an analgesic was more than 40%, which was higher than expected and higher than that described in previous reports [6, 7, 25] . This result was paradoxical. Because this study was a phase II study, this endpoint will need to be evaluated further in a subsequent phase III trial (LADG vs ODG).
The time from the end of surgery until the fi rst episode of fl atus was a good indicator of bowel function recovery. The time until fl atus was as we expected and was similar to the results of a previous report [6] .
Measures of infl ammation are important for evaluating the invasiveness of surgery. Body temperature is one parameter of infl ammation. A body temperature greater than 38 °C is one of the clinical manifestations of systemic infl ammatory response syndrome (SIRS) [26] , and patients can suffer greatly from this complication. The change in body temperature was as we expected and was similar to the results of previous reports [27, 28] .
Although the safety of LADG was confi rmed in the present study, this result may not fi t in western countries. LADG will remain an investigational treatment even in Japan until its effectiveness is fully evaluated in a phase III trial. We are now conducting a JCOG phase III trial (JCOG 0912) with a recruitment of about 1000 patients to confi rm the noninferiority of LADG to ODG in terms of overall survival.
Conclusion
The present trial confi rmed the safety of LADG performed by credentialed surgeons in terms of the incidence of anastomotic leakage or pancreatic fi stula formation. A phase III trial to confi rm the noninferiority of LADG to ODG in terms of overall survival is now ongoing.
